Accumulating data have been dramatically increasing on multiple drug resistant Staphylococcus aureus isolates that are incriminated in nosocomial and community acquired infections causing high mortality and morbidity. Accordingly, 70 resistant isolates were collected from King Fahad General Hospital and National Guard Hospital, Jeddah, Saudi Arabia in an attempt to find alternative antimicrobial substances from various plant extracts. The susceptibility pattern was as follows: 50 isolates were resistant to fusidic acid, 28 isolates were resistant to oxacillin, 20 isolates were resistant to penicillin, 20 isolates were resistant to clindamycin and 21 isolates were resistant to gentamycin. However, all the isolates were sensitive to vancomycin. The antimicrobial activity of the aqueous extracts of five medicinal plants namely Canellia sinensis (green tea), Punnica granatum (pomegranate rind), Psidium guajava Lim (guava leaves), Cinnamomum verum (cinnamon) and Mourus (raspberry) was tested against the 70 resistant isolates of S. aureus using agar well diffusion assay. Significant difference was noted in the inhibitory effect between most of the tested extracts. Pomegranate rind showed the highest activity, followed by green tea, guava leaves, cinnamon bark and raspberry fruits extract respectively, compared to commercial antibiotics. Interestingly, the inhibitory activity of three combined extracts: green tea, pomegranate rind and guava leaves was found to be higher on 20 clindamycin resistant isolates compared to each extract alone, indicating synergistic interaction. These results emphasize the promising role of plant extracts as alternative antibacterial agents against resistant strains of S. aureus if not other pathogenic bacteria.
INTRODUCTION
Staphylococcus aureus is one of the main causes of human infections. It can cause diseases ranging from minor infections such as pimples and boils to serious systemic fatal infections (Evans and Brachman, 1991) . Many neonates, children and adults may be colonized by S. aureus and harbor this organism either in the nasopharynx, skin or any site of their bodies, thus dispersing this hazardous bacterium. In Saudi Arabia, the throat carriage rate of S. aureus has been studied and found to be about 9% among 100 adult and 12% among 150 children (Milyani and Memish, 1987) . On the other *Corresponding author. E-mail: helicobacter2011@hotmail.com hand, the incidence rate from six sites of the skin in addition to the anterior nares was 30% in 40 examined children and 5% in adults (Milyani, 2001) . Moreover, S. aureus predominated among children in both nasopharynx and ear discharge simultaneously recording 26.7 and 20% respectively (Milyani and Mahfouz, 2004) .
Methicillin resistant S. aureus (MRSA) is a bacterium that has developed resistance to most antibiotics such as methicillin, gentamycin, fucidic acid and clindamycin that are commonly used for Staphylococcus infections, unfortunately, leading to failure of treatment (Shai et al., 2004) . The two major strains of MRSA are known to be hospital-acquired (HA) MRSA and community-acquired (CA) MRSA. HA-MRSA includes cases in which the patient has had a current or recent hospitalization, receives dialysis, or resides in a long-term care facility. During the period 1970 to 2010, strains of S. aureus resistant to multiple antibiotics including methicillin were increasingly responsible for outbreaks of nosocomial infections in countries around the world, for example, Saudi Arabia (Madani et al., 2001) , Argentina (Reyes et al., 2009 ), South Africa (Shittu et al., 2009) , Italy (Soavi et al., 2010) and the United States (Boyce, 1990) . In many instances, these outbreaks were associated with individual wards, neonatal, intensive care and burns units (Liu et al., 2011) . Furthermore, increasing incidence of CA-MRSA has been a growing public health concern (Mandell et al., 2005; Ma et al., 2007) and has emerged as the predominant cause of skin infections in the USA (Stevens et al., 2010) .
Only few intervention studies have been published to explore alternative antimicrobial agents to control and prevent diseases due to multidrug resistant S. aureus. Although other practices have been explored such as bacterial interference therapy (Maibach and Aly, 1981) and phage therapy (Jikia et al., 2005) , medicinal plants have also been considered by some researchers since they are frequently used in popular medicine as remedies for many infectious diseases (Geyid et al., 2005; Mohana et al., 2008; Rahim et al., 2010) . The aim of the present study was to determine the inhibitory effect of different plant extracts on the growth of 70 multiple resistant strains of S. aureus which also includes MRSA obtained from two main hospitals in Jeddah City, Saudi Arabia.
MATERIALS AND METHODS

Media and antibiotics used
Sheep blood agar, nutrient agar, mannitol salt agar (Hi media, India), Mueller Hinton (Oxoid, England) were used. Commercial antibiotic discs were obtained from Oxoid, England.
Bacterial isolates
Seventy S. aureus isolates were obtained from both King Fahad General Hospital and National Guard Hospital in Jeddah City. They were isolated from the following clinical specimens: sputum, wound discharge, blood and cerebrospinal fluid. Identification was according to Winn et al. (2006) . The isolates were preserved in cooked meat broth (Oxoid) at 4°C.
Plant materials
The medicinal plants were obtained from different markets in Jeddah City, Saudi Arabia. The plants were authenticated at the Herbarium Unit, Department of Biological Sciences, King Abdulaziz University, Jeddah. Five medicinal plants were used namely: Canellia sinensis (green tea leaves), Punnica granatum (pomegranate rind), Psidium guajava Lim (guava leaves), Cinnamomum verum (cinnamon bark) and Mourus (raspberry fruit) was tested. The plant materials were washed and sun dried before being grinded into powder.
Preparation of extracts
The plants were extracted by dissolving 50 g of the plant powder in 150 ml of sterile distilled water and boiled for 30 min (aqueous extraction). The extracts were filtered using Whatman filter paper no. 1, and were stored at 4°C until used (Somchit et al., 2003) .
Susceptibility test of bacterial isolates to antibacterial agents
Susceptibility pattern of the isolates of S. aureus to commercial antibacterial agents was determined by the standard paper disc diffusion method (Baron and Finegold, 1990) . According to Koneman et al. (1997) , every strain was tested using the following panel of antibiotic discs: clindamycin (2 µg), gentamicin (10 µg), oxacillin (1 µg), penicillin (10 µg), fusidic acid (30 µg), and vancomycin (30 µg). Susceptibility of strains to each antibiotic was determined on the basis of diameter of the inhibition zone.
Methicillin-resistant strains were tested by using 1 µg of oxacillin disc. A strain showing inhibition zone of ≤ 10 mm diameter was considered MRSA after 24 h incubation at 35°C (Koneman et al., 1997) .
Antibacterial activity of the plant extracts
Agar well diffusion assay was used to determine the antibacterial activity of the plant extracts. A standard inoculum size of the S. aureus strains was evenly distributed and streaked onto the surface of a sterile Mueller Hinton Agar plate using sterile cotton swab. The density of the suspension was adjusted to approximately 10 8 CFU/ml by comparing its turbidity to a McFarland 0.5 BaSO4 standard (Koneman et al., 1997) . Agar wells were made by using sterile cork borer (7 mm diameter). Each well was then filled with 200 µl of the tested plant extract after which the plates were incubated at 37°C for 24 h. All tests were performed in duplicate and the antibacterial activity produced by the plant extracts was expressed as the mean diameter of the inhibition zones (mm). In addition, combinations of three plant extracts (green tea, pomegranate and guava) were tested against 20 clindamycin resistant of S. aureus using 200 µl of a mixture of equal volume of each extract.
Statistical analysis
The data were analyzed using SPSS version 10. Analysis of variance (ANOVA) and Scheffe tests were used to detect any significant differences among the inhibitory effects of plant extracts on S. aureus isolates. P< 0.05 was considered significant.
RESULTS AND DISCUSSION
Methicillin-resistant S. aureus (MRSA) is primarily a nosocomial pathogen that emerged as a major cause of infection and colonization in hospitalized patients, whereas, community-associated MRSA infections are increasing in incidence and said to be severe enough to cause fatality (Mandell et al., 2005) . Strains of MRSA that cause infections have also developed resistance to antibiotics commonly used for therapeutic purposes. As shown in Table 1 , the majority of the isolates were resistant to five of the six antibiotics tested. However, the predominant isolates among the 70 studied isolates were resistant to fusidic acid (50 isolates). 28 isolates were resistant to oxacillin, 20 isolates were resistant to penicillin, 20 isolates were resistant to clindamycin and 21 isolates were resistant to gentamycin. In contrast, all the isolates were sensitive to vancomycin. In accordance to our results, Zaman and Dibb (1994) isolated 7.5% of MRSA from wounds, 83% resistant isolates to gentamycin and 93% resistant isolates to tetracycline in Jeddah City. On the other hand, Udo and Jacob (2000) reported 10% of MRSA that was also resistant to fusidic acid in one of Jeddah hospitals. A total of 587 and 485 isolates of S. aureus were isolated from Abha Maternity Hospital, Saudi Arabia in 1996 and 1998 respectively. In both years, 71.0% were methicillin-resistant S aureus whereas, over 85.0% of all isolates were multi-resistant (Bilal and Gedebou, 2000) . Moreover, 34% of fusidic acid resistant isolates among 173 MRSA were isolated in Riyadh City, Saudi Arabia (Al-Digs, 2004). Similarly, high incidence of fusidic acid resistant strains was reported in children complaining of impetigo during five years study at Wales, England (Al-Zimaity et al., 2004) . Resistance of S. aureus strains to fusidic acid should be emphasized since fucidin cream and/ or ointment are still in use as topical therapy for boils, sties and superficial skin infections such as impetigo. Obviously, this might lead to failure of treatment, disseminating infection and increasing resistant strains (Nielsen et al., 2009 ). Plant products, particularly spices and extracts of various plant parts have been used extensively as natural antimicrobials and antioxidants (Iqbal et al., 1998; Oskay et al., 2009 ). The sensitivity of 70 resistant isolates of S. aureus to the aqueous extracts of C. sinensis (green tea), P. granatum (pomegranate rind), P. guajava (guava), C. verum (cinnamon) and Mourus (raspberry) has been studied. These plants belong to different families (Table  2 ) and the active part of each plant was different. Although there are different techniques for plant extraction using organic solvents or water, in the present study, aqueous extraction was used which gave satisfactory and reproducible results. This technique was also utilized by other researchers to investigate the antimicrobial effect of different plant extracts successfully (Tomita et al., 1997; Somchit et al., 2002) . Table 1 showed that all the tested S. aureus isolates were sensitive to green tea and pomegranate extracts where the diameters of the inhibition zones ranged from 16 to 30 mm. The inhibitory effect of three plant extracts on S. aureus was shown in Figure 1 , where the antimicrobial activity is measured by the mean diameter of the inhibition zones. The antimicrobial activity of green tea may be due to polyphenols and epigallocatechin gallate which are active substances that possess excellent bactericidal activity (Toda et al., 1989 (Toda et al., , 1991  Shiota et al., 1999; Stapleton et al., 2004) . Moreover, these substances have at least an indirect influence on biofilm production retarding the formation of dental plaque (Wolinsky et al., 2000) . Similar to our studies, pomegranate extract has also been found to exhibit antimicrobial activity against a number of pathogenic bacteria such as Escherichia coli O157: H7 (Voravuthikunchai et al., 2005) which is one of the important emerging virulent strain, Salmonella typhimurium, Salmonella typhi, Shigella dysenteriae and Vibrio cholerae (Pradeep et al., 2008) . In respect to guava, raspberry and cinnamon extracts, the numbers of resistant S. aureus isolates were 23, 4 and 7 respectively. Nonetheless, the diameters of the inhibition zones of the sensitive S. aureus isolates inhibited by the three tested extracts ranged from 10 to 20, 10 to 16 and 10 to 17 mm respectively.
Studies to explore the anti-cough activity of guava in rats and guinea pigs have been carried out by Jaiarj et al. (1999) , thus encouraged them to suggest the use of guava extracts as anti-tussive product. They also reported the bactericidal effect of guava extract on S. aureus and Streptococcus pyogenes strains. In addition, Vieira et al. (2001) and Anas et al. (2008) have demonstrated that guava extract had a high inhibitory effect against S. aureus strains causing food poisoning in children. Furthermore, using a crude aqueous and water soluble methanol extract from leaf and bark of guava, a strong antibacterial activity against multidrug-resistant Vibrio cholerae O1 was recorded (Rahim et al., 2010) , a fascinating finding that should be further studied to be applied clinically especially in controlling epidemics of cholera. On the other hand, cinnamon bark-at the present work-was inhibitory to S. aureus isolates in agreement with the results obtained by Smith-Palmer et al. (1998) and Chang et al. (2001) . Also, Gupta et al. (2008) stated that cinnamon oil is a potent antimicrobial with a lowest minimum inhibitory concentration of 1.25% (v/v) against Bacillus sp., Listeria monocytogenes, E. coli and Klebsiella sp. Therefore, they suggested cinnamon extract to be used as food bio-preservative. Moreover, Mishra et al. (2009) demonstrated that the cinnamon bark and leaves contain certain constituents exhibiting potential anti-mould activity against Alternaria solani and Curvularia lunata. In addition to our finding on the inhibitory effect of raspberry on S. aureus, Hipwel and Wilkinson (2003) and Puupponen-Pimia et al. (2005) have also proved its antimicrobial activity against a number of pathogenic bacteria. In Australia, raspberry juice has been used for the prophylaxis and treatment of gastroenteritis in livestock, cage birds and humans and was found to significantly reduce the growth of several species of bacteria, including Salmonella, Shigella and E. coli (Ryan et al., 2001) .
Comparing the mean diameter of inhibition zone for each extract, significant differences were apparent between both green tea and pomegranate with guava leaves, raspberry and cinnamon bark (Table 3) .
Interestingly, the inhibitory effect of the three combined extracts: green tea, pomegranate rind and guava leaves on 20 clindamycin resistant isolates was found to be significantly higher when compared to each extract alone giving an inhibition zone of 33 mm (Figure 2) . The latter phenomenon indicates synergistic interaction that could signify different mode of inhibitory action on the microbial cell. As a whole, the inhibitory activity of plant extracts is likely to be due to antimicrobial components present in plant extracts such as flavonoids, tannins and alkaloids.
In conclusion, this study reveals that multi drug resistant S. aureus strains might be completely inhibited with the plant extracts used in the same manner as antibiotics. Furthermore, combination of two or three extracts proved to give a powerful antimicrobial activity, thus giving an extra powerful alternative remedy. Indeed, plant extracts are preferable because of their non toxic activity and their environmental friendliness, being simply available and generally used in our food (Gurib-Fakim, 2006; Reddy et al., 2010; Sangeetha et al., 2010; Opara and Obani, 2010) .
